Abstract: In order to compare thermodynamic data on complex formation reactions, protolytic, redox and solubility equilibria determined in ionic media of various types, it is necessery to refer them to a common standard state, usually with pure water as the solvent. This requires estimates of the activivity coefficients of reactants and products. We have compared the Brernsted-GuggenheimScatchard specific ion interaction (SIT) model and the Pitzer models and shown that they for all practical purposes are equivalent, for the description of the ionic mediudionic strength dependence of concentration equilibrium constants for ionic strengths up to 3 to 4 m.
Scatchard specific ion interaction (SIT) model and the Pitzer models
and shown that they for all practical purposes are equivalent, for the description of the ionic mediudionic strength dependence of concentration equilibrium constants for ionic strengths up to 3 to 4 m.
Equations relating the SIT specific ion interaction coefficients ~( i , j )
and the Pitzer parameters pcO) and pcl) for ionic components, and A$') and Ap'", for reactions are presented.
Thermodynamic modeling of complex formation reactions
Thermodynamic modeling requires information of both standard state and excess properties. A large number of data of this type is available both for systems of strong (single and mixtures) and weak electrolytes. This communication deals with data of the latter type, mainly for complex formation reactions.
A complex formation reaction in a two-component system M,L in aqueous solution can be described by:
PM + qL f) MPL9, llplp and l l q l Q
where p and q are stoichiometric coefficients with maximum values P and Q,,
respectively. In most systems, except some simple protolytes, there are many complexes present simultaneously, and in comparable concentrations. In order to determine the chemical speciation of such systems it is necessary to vary the total concentrations of the components, while keeping the activity coefficients of reactantslproducts as constant as possible. This cannot be achieved in solutions of low ionic strength, but requires the presence of an ionic medium with a concentration much higher than that of the components M and L (ref. 1). For users of thermodynamic data it is essential to have confidence both in the chemical model of a certain system, and the numerical values of its equilibrium constants. Both require the estimation of activity coefficients referred to a common standard state. In the first case one uses the pure ionic medium, in the second a common reference ionic medium, usually the "infinite dilute" solution with pure water as the solvent.
The Pitzer and the Brensted-Guggenheim-Scatchard ion interaction models
In 
The ionic strength dependence of equilibrium constants in ionic media
Both the Pitzer and the SIT equations can be simplified at "trace" concentrations of reactants and products. The only binary interactions that have to be taken into account are those between the reactantslproducts and the ionic medium ions, and those between the ionic medium ions themselves. Triple interactions need to be considered only
Determination of interaction parameters
The interaction parameters in the two models must be determined from experimental mean activity coefficients, osmotic coefficients and/or concentration equilibrium constants, The accuracy of these data are typically k0.005 in logy,, or Q, and ten to fifty times lower for concentration equilibrium constants. These constants have usually been determined at fairly few ionic strengths. For the users of thermodynamic data it is essential to be aware of the limitations of the methods used to make activity corrections, and the consequences of approximations in the models. It is useful to find relationships, c.f. eqns. (6, 7 ) , between the interaction parameters in the two models, and between the corresponding quantities for reactions. This is practical when one wishes to use the extensive compilations of Pitzer parameters for strong electrolytes together with the compilation of SIT parameters for complexes.
between the reactantslproducts and the ionic medium ions, not between the reactantslproducts. The contribution of the third virial coefficient C, may also be neglected at ionic strengths less than 4 m. Under these assumptions the analytical statements for the concentration dependence of the concentration equilibrium constant for a chemical reaction of the type:
I is given by the following statements for the Pitzer and SIT-models, respectively. This equations have been obtained from the corresponding equations for the activity coefficients using the same notation as in (refs.2-4,6 ).
The Pitzer model:
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where:
The unknown parameters have to be determined by a regression analysis of eqn. (3) in the form:
(4) where:
XI=Ap'"'+A$, X2=AP(", X3=AC+ 1 1 2 6~.
The SIT model AZ"2
We have tested the two models using concentration equilibrium constants for a simple protolytic reaction, H++SO:-=HSOi , studied in NaC104 media. 18 potentiometric determinations reported in "Stability Constants" (refs. 11-13) and by Sapiesko et al. V. the determination of XI, X, and X, using the CODATA value of log k? (or the value determined from the SIT-model) as a fixed parameter.
The symbol (0) in Table 1 means that the corresponding parameter was set equal to zero in the data fitting. All uncertainties are given as k30, where (5 is the mean square error of an unknown. The "true" value of log k? was that recommended by CODATA (ref.
16). The "Tabulated" values of the Pitzer parameters were calculated from the values of
Use of semiempirical electrolyte theories $' ), $'), C for NaHSO,, Na2S04, and HC104 (ref.
3). The parameters for binary and ternary interactions of C1Oi with HSO; and SO: -are unknown, but the possible effect of neglecting them is probably within proposed uncertainties of the "Tabulated" values. (assuming X2=Ap"'=0) and IV give unreliable estimations of the parameters and should be avoided. Only I1 which includes Xl (=Ap'"') and X2 (Ap"') can be recommended with precaution. Model V gives an estimate of the uncertainty of the Pitzer parameters, and shows that it is not possible to determine a precise value of the parameters, even from these very precise log K data and with a known value of log K".
We have tested many more examples with the same conclusions as for the reaction discussed above: it is impossible to get a statistically significant value of the ternary interaction parameter X,; the value of log K" has a larger uncertainty than the corresponding SIT estimate; the estimate of X, (AP")) is very uncertain. These 
the mean activity coefficient in the BGS-model is equal to:
A I Z , Z , ] I "
Taking into account that A=3A0 and making elementary transformations we obtain:
Eqns. (6) and (10) 
Conclusions
We have demonstrated that the determination of the Pitzer parameters from log K data is an ill-conditioned problem which requires some model simplifications. From our experience, log K data for complex formation reactions rarely permit the determination of more than one interaction parameter. Therefore, we suggest the following strategy:
-use the SIT equation to obtain log f?, -use all the Pitzer parameters for single ions, the known values of binary and ternary mixing terms for interactions involving single ion reactants/products and the ions of the ionic medium, and log K" value as fixed parameters in the regression analysis to obtain p" and p(l) for the complex species. If the charge of the complex does not exceed 2, estimate X2 from the AZ2 value, and use this as a fixed parameter in the regression.. All terms, including m2A I Z I C, , (see Eq. (3)) and higher-order electrostatic unsymmetrical mixing terms for all ions, including the complexes, should be taken into account in the regression procedure.
-in order to describe equilibrium data at higher ionic strengths or mixed electrolyte systems, it may be necessary to determine additional interaction parameters, as described by Konneke et a1 at this conference. This can only be achieved by additional equilibrium constant measurements under these conditions.
